UNCLASSIFIED 
AD  NUMBER 

_ AD368416 _ 

_ CLASSIFICATION  CHANGES 

TO:  unclassified 

FROM:  confidential 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release,  distribution 
unlimited 


FROM: 

Distribution:  DoD  only:  others  to 
Director,  Naval  Research  Lab.,  Washington, 
D.  C. 


_ AUTHORITY _ 

Aug  1972,  Group-4,  DoDD  5200.10;  NRL  ltr, 
26  Feb  2001. 


THIS  PAGE  IS  UNCLASSIFIED 


CONFIDENTIAL 


NRL  Memorandum  Report  754 


to  >6 

1 

3r>0 


SUMMARY  OF  NAVY  STUDY  PROGRAM 

FOR 

F4H-1  WEAPON  SYSTEM 

[UNC  L  ASSIFIED  TITLE] 

APPENDIX  TO  VOLUME  XI 


J.  C.  Ryon 
C.  M.  Loughmiller 
R.  L.  Lister 
I.  N.  Bellavin 
M.  Schmookler 

RADAR  DIVISION 


August  1960 


mm 


mbw 

'rJ^W 


tt 

-P 

CO 

(D 

t* 

o 

• 

r*i  CC 

p 

•r~i 

©  ♦ 

c 

E  P 

r- 1 

h  n 

© 

E 

"C 

O 

P. 

© 

2.  - 

© 

c 

"O 

© 

c 

© 

> 

»  D 

•H 

P 

p 

10 

-P 

£ 

CO  P 
•  tr 

C T 

c 

£5 

to  c 

© 

© 

C 

P 

p 

U 

E 

K 

►  h 

ir- 

p 

o 

o 

i — ! 

05 

-p 

i 

c  w 

•H 

T> 

-p 

CD 

c 

Jh 

•H 

CO 

G  •> 

C  to  fc  c  P  r*-. 

o  fH  ta  ©  T-t  c 

0)  X  C  Cm  C  O 

K  +>  US  ffi  P 

C  P  CD'  © 

O  O  P  P  H 

P  P  4-1  P  O 

X.  O  X 

C  i>>  e  4-.  © 

OH  ©  P  O  1-3 

•H  O.  <0  c 

PC.  ©  I — I  P 

•H  ©  *  6  Bj  o 

T)  P  P  >  C  • 

£  ff  t.  O  C)  C 

a)  O  E  ©  C  ©  CT 

•H  P.  C  K  CH 

CP  ©  ©  -P-  ©  O 

h-i  >  P  d  ©  Dd  (\ 


U.  S.  NAVAL  RESEARCH  LABORATORY! jS 
Washington,  D.C.  lift 


yCjJ  jr>s*.  i^gsaiwU* .  t  sir.' ;  £* 

JAN  1  ?  1966 


DOWNGRADED  AT  3-YEAR  INTERVALS 
DECLASSIFIED  AFTER  12  YEARS. 
DOD  DIR  5200.10 


jKher  distribution  of  this  report,  or  of  an  abstract  , 
re^.io  uction  thereof  stay  be  made  only  with  the 
approval  of  the  Director,  Kaval  Research  Laboratory; 
ao  nyt.on  25,  Lr.  C, ,  or  of.  the  activity  sponsoring" 

”‘®  tesearch  reported  therein,  as  appropriate. 


CONFIDENTIAL 


SUMMARY  OF  NAVY  STUDY  PROGRAM 
FOR 

F4H-1  WEAPON  SYSTEM 
(Unclassified  Title) 

(Appendix  to  NRL  Memorandum  Report  75^) 

VOLUME  XI 

J.  C.  Ryon 
C.  M.  Loughmiller 
R.  L.  Lister 
I.  N.  Bellavin 
M.  Schmookler 


AUGUST  I960 


NAVY  DEPARTMENT 
NAVAL  RESEARCH 

RADAR  DIVISION 


CONFIDENTIAL 


CONFIDENTIAL 


TABU!  OF  CONTENTS 

Page 

LIST  OF  FIGURES .  2 

INTRODUCTION  .  .  6 

MISSILE  DATA .  6 

Seeker  Data .  6 

Aerodynamic  Range  Equations  .  ..  6 

Steering  Error  Equations  .  7 

Allowable  Launch  Error  ....  .....  .  8 

Missile  Head  Slaving  .  8 

Missile  Head-Aim  Equations  ..  .  9 

Sequence  of  Launch  Operations  .  9 

Noise  Effects . 10 

Seeker  and  Autopilot  Loops  .  10 

Aerodynamic  Data  . . 11 

Missile  Physical  Characteristics  .  13 

TABLE  1  .  ,  . . 1U 

ACKNOWLEDGEMENTS .  15 

REFERENCES . 16 

!■ 


CONFIDENTIAL 


CONFIDENTIAL 


LIST  OF  FIGURES 

Figure  1.  Sparrow  III  Seeker  Lock-on  Range  -  90$  Cumulative  Probability. 
Figure  2.  Parameters  Used  in  the  Range  Interlock  Computer. 

Figure  3-  Sparrow  111  Radooe  Refraction  Curve. 

Figure  4.  Noise  Power  Density  vs  Range  -  B-47  Target. 

Figure  5a.  Model  F4H-1  Missile  Trajectory  Time  History. 

Figure  5b.  Model  F4H-1  Missile  Trajectory  Time  History. 

Figure  6a.  Model  F4H-1  Missile  Trajectory  Time  History. 

Figure  6b.  Model  F4H-1  Missile  Trajectory  Time  History. 

Figure  7a.  Model  F4H-1  Missile  Trajectory  Time  History. 

Figure  7b.  Model  F4H-1  Missile  Trajectory  Time  History. 

Figure  8a.  Model  F4H-1  Missile  Trajectory  Time  History. 

Figure  8b.  Model  F4H-1  Missile  Trajectory  Time  History. 

Figure  9*  Sparrow  III  Autopilot  and  Seeker  Block  Diagram. 

Figure  10.  Orientation  of  Angles  and  Coefficients. 

Figure  11.  Sparrow  III  Zero-Lift  Drag. 

Figure  12.  Sparrow  III  Drag  Due  to  Normal  Force  vs  Mach  Number  for 
Various  Wing  Deflections  -  ^n  =  0°. 

Figure  13.  Sparrow  III  Drag  Due  to  Normal  Force  vs  Mach  Number  for 
Various  Wing  Deflections  -  ^n  =  ^5°* 

Figure  14.  Sparrow  III  Coefficient  of  Normal  Force  -  *=  0°,  M  =  0.8. 

Figure  15.  Sparrow  III  Coefficient  of  Normal  Force  -  ^  *  45°,  M  =  0.8. 

Figure  16.  Sparrow  III  Coefficient  of  Normal  Force  -  $  »  0°,  M  =  1.0. 

Figure  17.  Sparrow  III  Coefficient  of  Normal  Force  -  ^  =  45°,  M  =  1.0. 


2 


CONFIDENTIAL 


CONFIDENTIAL 


LIST  OF  FIGURES  (cont) 

Figure  18.  Sparrow  III  Coefficient  of  Normal  Force  -<(>■«  0°,  M  ■  1.3  • 
Figure  19.  Sparrow  III  Coefficient  of  Normal  Force  -  ■  45°>  M  =  1.3* 

Figure  20.  Sparrow  III  Coefficient  of  Normal  Force  -  i>  =  0°,  M  *  1.6. 

Figure  21.  Sparrow  III  Coefficient  of  Normal  Force  -  =  45°,  M  =  1.6. 

Figure  22.  Sparrow  III  Coefficient  of  Normal  Force  -  4>  *<  0° ,  M  »  2.05. 

Figure  23.  Sparrow  III  Coefficient  of  Normal  Force  -  =  45°  >  M  =  2.05. 

Figure  24.  Sparrow  III  Coefficient  of  Normal  Force  -  £  =  0°,  M  -  2.58. 

Figure  25.  Sparrow  III  Coefficient  of  Normal  Force  -  4>  =  45°,  M  =  2.58. 

Figure  26.  Sparrow  III  Coefficient  of  Normal  Force  -  ^  =  0°,  M  =  3*06. 

Figure  27.  Sparrow  IH  Coefficient  of  Normal  Force  -  (j>  =  45°>  M  =  3*06. 

Figure  28.  Sparrow  III  Coefficient  of  Normal  Force  -  ij)  =  0°,  M  =  3*48. 

Figure  29.  Sparrow  III  Coefficient  of  Normal  Force  -  <j>  =  45°>  M  *  3*48. 

Figure  30.  Sparrow  III  Coefficient  of  Normal  Force  -  4>  =  0°,  M  =  3.9®. 

Figure  31.  Sparrow  III  Coefficient  of  Normal  Force  -  4>  =  45°,  M  »  3-98. 

Figure  32.  Sparrow  III  Pitching  Moment  Coefficient  -  <f>  =  0° ,  M  =  0.8. 

Figure  33.  Sparrow  IU  Pitching  Moment  Coefficient  -  <|>  =  45°,  M  =  0.8. 

Figure  34.  Sparrow  III  Pitching  Moment  Coefficient  -•<}>  =  0°,  M  =  1.0. 

Figure  35.  Sparrow  IU  Pitching  Moment  Coefficient  -  $  m  45°,  M  =  1.0. 

Figure  36.  Sparrow  III  Pitching  Moment  Coefficient  -  <j>  =  0°,  M  =  1.3. 

Figure  37.  Sparrow  III  Pitching  Moment  Coefficient  -  =  45°,  M  =  1.3. 

Figure  38.  Sparrow  rn  Pitching  Moment  Coefficient  -  £  =  0°,  M  =  1.6. 

Figure  39.  Sparrow  III  Pitching  Moment  Coefficient  -  p  =  45°,  M  =  1.60. 


3 


CONFIDENTIAL 


CONFIDENTIAL 


Figure 

40. 

Figure 

41. 

Figure 

42. 

Figure 

43. 

Figure 

44. 

Figure 

45. 

Figure 

46. 

Figure 

47. 

Figure 

48. 

Figure 

49- 

Figure 

50. 

Figure 

51. 

Figure 

52. 

Figure 

53. 

Figure 

54. 

Figure 

55. 

Figure 

56. 

Figure 

57. 

Figure 

58. 

Figure 

59. 

Figure 

60. 

Figure 

61. 

LIST  OF  FIGURES  (cont) 

Sparrow  HI  Pitching  Moment  coefficient  -  t  -  0°,  M  »  2.05. 

Sparrow  m  Pitching  Moment  Coefficient  -  ♦  -  45°,  **  -  2.05. 

Sparrow  III  Pitching  Moment  Coefficient  -  $  «  0°,  M  «  2.58. 

Sparrow  HI  Pitching  Moment  Coefficient  -  <$>  -  45°,  M  “  2.50. 

Sparrow  III  Pitching  Moment  Coefficient  -  $  -  C°,  M  -  3*06. 

Sparrow  III  Pitching  Moment  Coefficient  -  $  ■  45°  >  M  ■  3.06. 

Sparrow  III  Pitching  Moment  Coefficient  -  <j>  -  0°,  M  -  3.49* 

Sparrow  III  Pitching  Moment  Coefficient  -  $  »  45°>  M  -  3.49. 

Sparrow  III  Pitching  Moment  Coefficient  -  ^  «  0°,  M  •  3.98* 

o  . 

Sparrow  IH  Pitching  Moment  Coefficient  -  <j»  -  45  ,  M  «•  3 •98- 
Sparrow  III  Estimated  Pitch  Derivatives  -  Cm^  vs  M. 

Sparrow  HI  Estimated  Pitch  Derivatives  -  Cm^va  M. 

Sparrow  HI  Estimated  Rolling  Moment  Coefficient  -  M  -  0.5. 
Sparrow  HI  Estimated  Rolling  Moment  Coefficient  -  M  «  0.8. 
Sparrow  HI  Estimated  Rolling  Moment  Coefficient  -  M  «*  0.87 • 
Sparrow  III  Estimated  Rolling  Moment  Coefficient  -  M  «  1.0. 
Sparrow  III  Estimated  Rolling  Moment  Coefficient  -  M' «•  1.1. 
Sparrow  III  Estimated  Rolling  Moment  Coefficient  -  M  *  1.3* 
Sparrow  HI  Estimated  Rolling  Moment  Coefficient  -  M  *  1.5. 
Sparrow  Hi  Estimated  Rolling  Moment  Coefficient  -  M  -  2.0. 
Sparrow  IH  Estimated  Rolling  Moment  Coefficient  -  M  »  2.5. 
Sparrow  III  Estimated  Rolling  Moment  Coefficient  -  M  -  3.1* 


4 


CONFIDENTIAL 


CONFIDENTIAL 


LIST  OF  FIGURES  (cont) 


Figure  62. 
Figure  63. 

Figure  64. 
Figure  65. 
Figure  66. 
Figure  67. 
Figure  68. 
Figure  69. 


Sparrow  III  Estimated  Rolling  Moment  Coefficient  -  M  *  4.27. 
Sparrow  III  Estimated  Rolling  Moment  Coefficient  Due  to 
Aileron  Deflection. 

Sparrow  III  Estimated  Roll  Moment  Damping  Coefficient. 
Sparrow  in  Wing  Aeroelastic  Correction  Factor. 

Sparrow  III  Tail  Aeroelastic  Correction  Factor. 

Sparrow  in  Aerodynamic  Center  Aeroelastic  Correction  Factor. 
Sparrow  III  Typical  Thrust/Time  Curve. 

Sparrow  III  -  Change  of  Thrust  With  Altitude. 


5 


CONFIDENTIAL 


CONFIDENTIAL 

SUMMARY  OF  NAVY  STUDY  PROGRAM  FOR  F4H-1  WEAPON  SYSTEM 

INTRODUCTION 

The  study  effort  covered  by  this  volume  is  primarily  concerned 
with  the  investigation  of  the  Sparrow  III  6a  launching  and  guidance 
phases.  From  such  an  investigation  the  effect  of  these  phasee  on 
overall  system  probability  of  success  can  be  determined.  For  this 
reason  it  was  necessary  to  conduct  an  accurate  and  detailed  simu¬ 
lation  of  the  Sparrow  III  6a  missile.  Through  the  excellent  coop¬ 
eration  of  the  prime  contractor,  a  detailed  knowledge  of  this  missile 
was  gained.  Examples  of  this  cooperative  effort  are  given  in  references 
1  and  2.  After  conversion  of  the  data  obtained  to  simulation  methods 
and  techniques,  the  prime  contractor  reviewed  the  entire  simulation 
program  (reference  3 ) • 

MISSILE  DATA 

This  appendix  details  the  basic  data  used  in  the  simulation  of 
the  Sparrow  III  6a  missile. 

Seeker  Data 


Figure  1  shows  the  90$  probability  of  seeker  lock-on  against  a 
B-47  size  target  for  the  missile  studied.  This  is  the  result  of 
NMD  tests  (reference  4)  scaled  to  the  B-47  size  target.  It  is  seen 
that  the  seeker  has  a  90$  lo;k-on  capability  against  the  B-47  size 
target,  head-on,  of  6.82  n.  mi. 

Aerodynamic  Range  Equations 

The  AN/APA-I28  computer  equations  used  in  the  simulation  are 
as  follows: 

Rmax  =  R1  (h)  /  (Vc  -  Vp)  Rmax  —  6.5  n.  mi.  (l) 

Rmax  =  maximum  launch  range 

(h)  varies  with  altitude  as  shown  on  Fig.  2 
Vc  =  closing  velocity 
Vf  «  fighter  velocity 
T^  =  11  secs  for  Vc  >  Vf 

T^  varies  with  altitude  for  Vc  ^  Vf  as  shown  on  Fig.  2 
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Rmin  =  ^2  (h)  +  t2vc  (s) 

^min  =  minimum  launch  range 

Rg  (h)  varies  with  altitude  as  shown  on  Fig.  2 
Tq  m  4.3  sec 

^su  =  ^max  +  t3Vc  "  ^3  ^  ) 

RSu  =  Pull-up  range 

T3  =  10  sec 
R3  =  6000  ft 
Steering  Error  Equations 

V0  =  800  jjL  +  0.41  (1  -  P/PSL)]  (4) 

Vo  =Vma'Vf 

vma  =  average  missile  velocity 
P  »  pressure  at  altitude 
PSL  =  Pressure  at  sea  level 

€  a  =  57-3  VQ  Sin  Aa  +  R  (5) 

1+S 

- _5_5 - 

<£a.  =  azimuth  steering  error  in  degrees 
/V  a  =  azimuth  global  angle 
R  =  range  in  feet 

uk  =  azimuth  line  of  sight  rate  in  radian/sec 

£e  .  57.3  £vc  sin)e  CosA^J  +  R  -j-jg-  -  0.48*1  (6) 
2300 

£  e  =  elevation  steering  error  in  degrees 
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"X  e  =  elevation  gimbal  angle 

wj  a  elevation  line  of  sight  rate  in  radians/sec 

OC  j  »  angle  of  attack  (angle  between  aircraft 
RGMA  and  velocity  vector) 

Allowable  launch  Error 

k->+k3  jfcJv=-Klvf|  -  *a|vo  -  ltlvfj  (T) 

E  =  allowable  launch  error  in  degrees 

A  -  3° 

Kx  =  0.75 

2  =  0.0054  deg/ft/sec 
K3  =  0.015  deg/ft/sec 

Rmay  «  maximum  aerodynamic  range  (not  limited  to  6.5  n.  mi.) 


Missile  Head  Slaving 

IEBe  =  +  ()e  -Ee) 

(8) 

lEBa  =  +  (/\a  -Ea) 

(9) 

lEBe  =  initial  English  Bias  in  elevation  ) 

IEBa  =  initial  English  Bias  in  azimuth  I 

I 

In  the  F4H-1  (Sparrow  III  6a)  system,  the  missiles  will  be  rolled  45°. 

The  effect  of  this  roll  must  be  accounted  for  in  the  English  Bias.  Thus  f 

FEBg  =  0.707  IEBe  +  0.707 
FEBa  =  0.707  IEBe  +  0.707 
FEBe  =  final  English 
FEBa  *»  final  English 


IEBa 

(10) 

i 

•J 

IEBa 

(ID 

ft 

Bias 

in  elevation 

| 

Bias 

in  azimuth 

*1 

£ 
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The  initial  English  hias  and  the  final  English  bias  are  then  combined 
into  a  composite  signal  to  be  applied  to  the  yaw  and  pitch  channels  of 
the  autopilot.  The  equations  for  these  composite  English  bias  signals 
are: 


-EBp  =  (lEBe  -  FEBe )e +  FEBfi 
-EBy  =  (lEBa  -  FEBa )e +  FEBa 


(12) 

(13) 


EBp  =  composite  English  Bias  signal  applied 


to  the  pitch  channel 


EBy  =  composite  English  Bias  signal  applied 
to  the  yaw  channel 


Missile  Head-Aim  Equations 


=  Tan (C0A4  sin*e>  +^a  Coa*J 
^fll  J  +  Sim  £sin  Ae  +>x  cos  > en  -1 


(14) 


A 


Co8  Aa  (Cos^e  “^l  Sin^ej  ->fa  Sin^a 
=  missile  azimuth  gimbal  angle  at  launch 


X 


(15) 


3  “j”}  filtered  with  ^1—  type  filter 

>  2  =  “k J 

a  =  stored  missile  roll  angle  with  respect  to  the  interceptor 

)»«1  '  T»n  "VS?'?*-!  f°“  a(Sj1'*«  c.08  V  '  Si5  * 

1  (C°s/e  Sin)|e)+^2  CosA  ajj] 

i  Cos^a(C°®Ae  -^1  SinAe)  ^2  sln>a  J 

=  missile  elevation  gimbal  angle  at  launch 
Sequence  of  Launch  Operations 

There  are  several  time  delays  between  missile  commitment  and  seeker 
lock-on  time.  It  is  important  to  inject  these  time  delays  into  the  over¬ 
all  simulation.  The  sequence  of  events  occurring  at  launch  are: 


1.  Missile  commitment  zero  time 

2.  From  missile  commitment 

to  start  of  ejection  stroke 
(Umbilical  is  pulled  at  start  of 

ejection  stroke)  1.01  seconds 
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3.  Motor  ignition 

4.  End  of  stroke 

5.  Thrust  applied 

6.  Wing  unlock 

7.  End  of  thrust 

8 .  Seeker  lock-on 


Noise  Effects 


1.08  seconds 
1.09  seconds 

1.23  seconds 
1.4l  seconds 

3.23  seconds 

2.32  seconds  for 
Rmin  launch 

3.23  seconds  for 


There  are  several  noise  effects  which  must  he  considered  in  the 
simulation  of  the  launching  and  guiding  of  the  Sparrow  III.  missile. 

The  first  of  these  is  the  noise  due  to  radome  refraction  in  the  Sparrow 
III  seeker.  The  radome  refraction  curve  used  wbb  obtained  from  Raytheon 
and  is  shown  by  Fig.  3. 

The  next  noise  effect  which  was  considered  is  that  due  to  the 
target.  The  noise  power  density  versus  range  for  the  Sparrow  III 
missile  against  a  B-47  size  target  is  shown  on  Fig.  4  (reference  5)  • 

The  final  noise  effect  that  was  simulated  is  that  due  to  transients 
occurring  during  missile  launch.  These  transients  are  due  to  the  fact 
that  the  missile  is  launched  into  a  high  velocity  airstream.  The  re¬ 
sulting  transient  effects  are  given  by  Figs.  5a  thru  8b.  This  data  was 
obtained  from  McDonnell  Aircraft  Co.  (reference  6). 

Seeker  and  Autopilot  Loops 

The  block  diagrams  of  the  seeker  and  autopilot  are  shown  by  Fig. 9* 
The  gains  and  the  time  constants  are  given  on  Table  I.  The  definitions 
of  the  additional  symbols  used  are  as  follows: 

wjm  =  antenna  elevation  angular  rate  with  respect  to- 
inertial  space 

ujr  =  antenna  azimuth  angular  rate  with  respect  to 
inertial  space 
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=  normal  acceleration  commanded  In  pitch 

■  normal  acceleration  commanded  In  yaw 

3  normal  acceleration  measured  along  the  missile  Z  axis 

/ 

=  normal  acceleration  censured  along  the  missile  1  axis 

=  components  of  missile  angular  velocity  about  the  body 
axes  x,  y*  and  z*  respectively 

=  autopilot  gain 

=  autopilot  time  constant 

=  angular  deflection  of  pitch  wings 

=  angular  deflection  of  yaw  wings 

=  differential  angular  deflection  of  pitch  wings 

=  Range 

=  range  rate,  fighter -to -target 
=  range  rate,  fighter -to-missile 
=  range  rate,  missile -to-tar get 
=  Initial  conditions 
Aerodynamic  Data 

The  orientations  of  various  angles  and  coefficients  pertaining  to 
the  aerodynamic  data  are  shown  on  Fig.  10.  The  actual  aerodynamic  data 
(reference  7)  used  in  the  simulator  are  shown  on  Fig.  11  thru  6?.  A 
brief  description  of  each  type  of  data  along  with  the  appropriate  figure 
numbers  are  as  follows: 

1.  =  Zero-lift  drag  coefficient  -  for  all  altitudes  is 

given  for  the  boost  and  the  glide  conditions  as  a  function 
of  Mach  in  Fig.  11.  The  change  in  coefficient  of  drag  due 
to  normal^  force  is  given  by  Figs .  12  and  13 . 


n°(p) 

Dc(y) 

°y 

K 

T 

Sp 

Sy 

$a 

R 

rFT 

rfm 

rmt 
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2.  Cjj  *  Coefficient  of  normal  force  Cjj,  corrected  for  aero- 

elastic  effects,  is  given  as  a  function  of  Mach,  wing 
deflection,  angle  of  attach  and  roll  angle  on  FigB. 

14  thru  31. 

3.  Cm  =  Pitching  moment  coefficient  C^,  corrected  for  aero- 

elastic  effects,  is  given  as  a  function  of  Mach,  ving 
deflection,  angle  of  attack  and  roll  angle  on  Figs. 

32  thru  49. 

4.  c  .  =  Estimated  pitch  derivatives  C  •  and  C_,  are  given 

*  on  Figs.  50  and  51. 

a 

5.  Cg  =  Estimated  roll  moment  coefficient  Cg  is  given  as  a 

function  of  Mach,  angle  of  attack  and  roll  angle  for 
differential  wing  deflection  of  6°  on  Figs.  52  thru 
62.  For  angle  of  attack  and  wing  deflection  hoth  equal 
to  zero,  the  roll  moment  coefficient  Ca  is  given  on 
Fig.  63  as  a  function  of  Mach.  Roll  moment  coefficient 
versus  angle  of  attack  for S a  =  *s  n°t  currently 
available  and  will  be  assumed  to  be  zero. 


6. 


7. 


Cj£p  =  Estimated  roll  clamping  moment  coefficient.  C£  is  given 
as  a  function  of  Mach  number  on  Fig.  64. 

Aeroelastic  correction  factors  are  given  for  the  wings,  tail 
and  aerodynamic  center  on  Figs.  65,  66,  67. 
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8.  The  thrust  vs  time  curves  of  Fig.  68  were  approximated  by 
assuming  a  thrust  (at  sea  level)  of  7300  lbs.  acting  for 
an  interval  of  two  seconds.  The  thrust  correction  for 
altitude  is  obtained  from  Fig.  69. 

Missile  Physical  Characteristics 

These  characteristics  are  for  the  C8  motor  without  short  autopilot. 
Weight  before  launch  =  399*8  lbs. 

Weight  after  burnout  -  328-8  lbs. 

Center  of  gravity  before  launch  ■  Sta.  82.01"  +0.5"  -  1.0" 
Center  of  gravity  after  burnout  =  Sta.  75-01"  +  0.5"  -  1.0" 
Wing  area  (s)  =  1.265  ft2  per  panel  -  2.53  ft2  total 

P 

Tail  area  =  0.77  ft  each  panel 
Wing  span  (F)  =  3.3  ft 
Wing  chord  (c)  =  1.106  ft 
Mechanical  wing  limits  =  +  22° 

Electrical  wing  limits  *  +  20° 

Antenna  mechanical  gimbal  limits  =  +  50° 

Antenna  electrical  gimbal  limits  *  +  46° 

Moment  of  Inertial: 

Iy,  =  1.45  slug -ft 2  at  launch,  1*31  slug-ft2  at  burnout 
Iyy  =  103  slug -ft 2  at  launch,  79-7  slug-ft2  at  burnput 

o  2 

Izz  =  103  slug-ft*  at  launch,  79-9  slug-ft  at  burnout 
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TABLE  I 

SPARROW  III  AUTOPILOT  PARAMETERS 

t  =  TIME  FROM  LAUNCH  (TIME  FROM  END  OF  STROKE) 

tx  =  UNLOCK  TIME  -  (0. 4-O.O0)  SEC 

t2  ^  END -OF -BOOST  TIME  .  (2.22-0.08)  SEC 

t3  #  MISSILE  SEEKER  LOCK-ON  TIME  =  (2.22-0,08)  SEC 


A 

B 

— 

C 

D 

SL-17K 

17-32K 

32-46 

>46K 

.15 

.15 

■qh 

■ 

gB| 

0.085 

0.085 

■aal 

7s  yaw 

4.93 

3.17 

1.70 

1.09 

(SEC)  PITCH 

3.87 

2.49 

1.33 

.857 

.  K= 

(o/g  SEC) 

3.57 

5.56 

10.5 

16.3 

(sec) 

0.0053 

0.0063 

0.008 

0.008 

G5  . 

1.14 

1.14 

3.43 

3.43 

(o/o/SEC) 

I+2'5S“ 

1+12. 5s 

1+555- 

I+T53S 

o^o/SEC. 

0.054 

0.110 

L, _ 

0.21 

0.43 
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